The study examined the formation, break-up, and duration of ice phenomena and ice cover on Lake Morskie Oko (1,395.4 metres above sea level (masl)), which is a representative of high mountain 
INTRODUCTION
Changes in lake ice, in addition to their significance in climate change studies, can have important consequences for aquatic ecosystems, especially for the peak spring phytoplankton bloom and the population dynamics of some species of zooplankton (Pugnetti & Bettinetti ; Psenner ). Moreover, the duration of ice cover influences the amount of evaporation and, thus, can contribute to changes in the water balance of the lake. Ice reduces the penetration of light into a body of water and reduces the amount of heat exchange between the water and the atmosphere. Ice has an impact on weather conditions as well. Heavy ice cover in the winter can reduce the amount of evaporation and thus can contribute to higher water levels the following spring.
The spatial as well as the temporal characteristics of ice cover are of special interest to the shipping and fishing industries.
The interest in dates and prediction of lake ice cover started in the 1960s and was driven by both military and civilian transportation-over-ice concerns in the US and Canada. Bilello () developed a method for predicting ice formation from shore to shore Mackenzie River at Fort Good Hope (Canada) on the based on the relationship between mean daily air temperature and previously observed dates of ice formation. The study of Gold () showed that factors contributing to the failure of ice cover for vehicular traffic loads up to P ¼ 250 h 2 (where P is the total load in pounds and h is the thickness of the ice in inches) were: vehicle speed, thermal stress due to drop in temperature, and fatigue and quality of the ice cover.
Trends in duration of ice cover on lakes started to be an object of scientific interest in the 1980s when lake freeze-up/ There exists evidence of reduced ice cover duration on high mountain lakes in the Swiss Alps (Livingstone ).
One such lake, Lake Lej da San Murezzan (1,768 meters above sea level (masl)), exhibits a trend towards earlier thaws ( ).
This article continues the research on the formation, break-up, and duration of ice phenomena and ice cover on Lake Morskie Oko (Figure 1 ). Moreover, maximal winter ice cover thicknesses were analyzed. It is interesting to examine if the tendencies discovered by Choiński et al.
() in Lake Morskie Oko continue in the coming years. Hence, the Tatra Mts may be considered a macroscale natural 'water tower' of Poland. period between the first date of ice appearance on the lake and the last day when the ice has completely disappeared.
DATA AND METHODS

Sets
Duration of continuous ice cover (duration of ice) is defined
as a period when the total surface of the lake is completely covered by ice. The criterion for 'total ice cover' could be, for example, a walk across the ice on Lake Constance to transport a Madonna figure between German and Swiss churches, a ritual which has been performed for centuries (Magnuson et al. ) . The figure remained on one side of the lake until the next ice-covered winter, when it was possible to carry it back.
Lake Morskie Oko is the only lake in the Polish Tatra
Mts with regular ice cover observations by Polish meteorological observation service. Unfortunately, Polish and Slovak state hydro-meteorological services do not monitor ice cover on lakes in the highest parts of the Carpathian Mts.
Ice thickness on Lake Morskie Oko is measured every few days close to the northern shore of the lake, where the depth of the lake reaches over a dozen meters (Figure 3 ).
Measurement was not made at the same location, nor at the same point and repeated measurements did not influence subsequent measurements. Temporal rates were calculated using slope parameters from linear regression of freeze-up and break-up dates and ice cover duration. (1975, 1992) and occurs mostly in the second half of March.
The main results of this analysis can be summarized as follows: continuous ice cover on the Morskie Oko Lake has a tendency to appear later and to disappear earlier, thence ice cover duration has been getting shorter at a rate of almost 10 d decade À1 (Figure 4 ). the analyzed period, the maximal thickness of the winter ice cover was 7 cm thinner than at the beginning of the investigated period (Table 1) .
The lake tends to be covered completely by ice later at a rate of 4.1 d decade À1 (y ¼ 0.41x þ 322; p < 0.01), and the ablation of ice on the lake tends to take place earlier at a rate of 4.5 d decade À1 (y ¼ À0.45x þ 322; p < 0.05). Magnuson et al. (2000) . However, it has to be noted that changes in lake ice cover reflect not only the influence of meteorological conditions, but they also arise from water circulation within the lake basin (Choiński et al. ) . Similar research in other parts of the Tatra Mts should be undertaken, especially on the southern slopes of the Tatra Mts in Slovakia. Such research might offer insight into potential changes in ice conditions during the 21st century based on climate warming scenarios.
DISCUSSION
Ice cover has both direct and indirect effects on human society as well as ecological systems. This is especially true in light of recent climate changes when unusual years are becoming more frequent and more extreme.
